Abstract: Phenylazo-and thiazolylazo-2,4-pentanediones on reaction with 2-aminophenol and 2-aminothiophenol yielded a new series of polydentate Schiff's base ligands. The structure and tautomeric nature of these compounds and their metal complexes were established on the basis of their IR, 1 H-NMR and mass spectral data. The spectral and analytical data revealed the condensation of both carbonyl groups of 3-(2-thiazolylazo)-2,4-pentanedione with 2-aminophenol to form an N 2 O 2 tetradentate ligand. Details on the formation of its [ML] complexes with Ni(II), Cu(II) and Zn(II) and the nature of their bonding are discussed based on analytical, IR, 1 H-NMR and mass spectral data.
INTRODUCTION
Design and synthesis of polydentate Schiff's bases and their metal complexes having novel structural features and unusual physico-chemical properties have considerable importance in biological processes and constitute an active area of research in modern coordination chemistry. 1 In this context Schiff's bases of 1,3--diketones have been extensively studied. 2 However little attention has been paid to Schiff's bases derived from arylazo derivatives of 1,3-diketones in which two nitrogen donor sites are additionally present. Besides having wide application as yellow dyes and pigments, 3 arylazo-1,3-diketones have been widely used as intermediates in the preparation of a large number of biologically important heterocyclic compounds and as precursors of potential anti-diabetic drugs. 4 As part of our investigation on arylazo derivatives of 1,3-diketones, 5,6 the synthesis and characterization of four Schiff's bases from phenylazo-and thiazolylazo-derivatives of acetylacetone and aromatic amines are reported. Typical metal complexes of these ligand systems were also studied.
water bath. The solution was kept overnight. The precipitated complex was filtered, washed with water, then with methanol, recrystallized from hot ethanol and dried under vacuum.
RESULTS AND DISCUSSION
The analytical, IR, 1 H-NMR and mass spectral data (Tables I and II) of the reaction products of 3-(arylazo)acetylacetone with the aromatic amines suggest that the condensation occurred in a 1:1 ratio, except for 3-(2-thiazolylazo)acetylacetone with 2-aminophenol where a 1:2 condensation product was formed. The analytical data (Table III) , together with the non-electrolytic nature in DMF (specific conductance < 10 Ω −1 cm −1 ; 10 −3 M solution) suggest 1:1 metal ligand stoichiometry of the complexes. The Ni(II) and Zn(II) chelates are diamagnetic while the Cu(II) complexes showed a normal paramagnetic moment. The IR, 1 H-NMR and mass spectral data of the Schiff's bases, H 2 pap, H 2 pat and H 2 tat, are in conformity with (Table V) and spectral data of H 2 tap are in agreement with Fig. 3 and of its complexes with Fig. 4 . These data of the compounds are discussed separately. Infrared spectra. The IR spectra of H 2 pap, H 2 pat and H 2 tat show strong bands at ≈ 1670 cm −1 and ≈ 1625 cm −1 due to ν(C=O) and ν(C=N) vibrations, respecti-vely. 8 The thiazole C=N of H 2 tat is observed at 1612 cm −1 . The ν(C=C) vibrations of the aromatic rings are observed as several medium intensity bands in the 1580−1600 cm -1 region (Table I) . 9 The broad band observed in the 2500−3500 cm −1 region is due to the intramolecularly hydrogen-bonded N-H proton. A slightly broadened medium intensity band which appeared at ≈ 2425 cm −1 in the spectra of H 2 pat and H 2 tat can be assigned to ν(S-H). The acetyl carbonyl band of the ligand at ≈ 1670 cm −1 remained almost unaffected in the spectra of all the complexes, indicating its non-involvement in the bonding with the metal ion. The bands at ≈ 1625 cm −1 , due to ν(C=N), shifted to a lower wave number and appeared as a new broad band at ≈ 1600 cm −1 in the spectra of all the complexes. 10 The thiazole ν(C=N) of H 2 tat was only marginally affected, indicating the non-involvement of the thiazole nitrogen in the coordination. That the intramolecularly hydrogen-bonded O-H/S-H and N-H protons are replaced by the metal ion is confirmed by the disappearance of the broad free ligand band in the region 2500−3500 cm −1 . Instead, several medium intensity bands assignable to various aliphatic and aromatic ν(C−H) vibrations appeared in this region. The spectra of all the complexes show additional medium intensity bands in the 420−450 cm −1 and 520−550 cm −1 regions, presumably due to ν(M-O) and ν(M-N) vibrations. 11 That the complexes contain coordinated water molecule is clearly indicated by the presence of a band at 3500 cm −1 in the spectra. Thus, the observed IR spectra strongly suggest that the phenolic O-H/thiol sulphur, the imi-no nitrogen and the hydrazone nitrogen are involved in coordination with the metal ion. Important bands which appeared in the spectra of the complexes are given in Table IV . (Table I ). The methyl proton signals are observed as two singlets at δ ≈ 2.3 (3H) and 2.6 (3H) ppm. The absence of any signal due to the methine proton supports the hydrazone form of the compound. The aryl protons appeared in the δ range 6.8−7.8 ppm as a complex multiplet. In the 1 H-NMR spectra of the diamagnetic Ni(II) and Zn(II) complexes, the low field signals due to the N-H and O-H/S-H protons disappeared, indicating that these protons are replaced by the metal ion. 5 The methyl and aryl proton signals are slightly low field shifted and the integrated intensities of these signals agree well with the formulation of the complexes. Mass spectra. The mass spectra of the compounds show an intense molecular ion peak. Peaks due to the elimination of CH 3 CO, ArNH, C 6 H 5 O/C 6 H 5 S, C 6 H 5 /thiazole, etc., from the molecular ion are present in the spectra. 5, 13 The FAB mass spectra of the Cu(II) complexes showed molecular ion peaks corresponding to [CuL(H 2 O)] stoichiometry. Peaks due to the elimination of CH 3 CO, ArNH, C 6 H 5 O/C 6 H 5 S, etc., from P + also appeared in the spectra. The spectra of all the chelates contain a number of fragments containing copper in the natural 3:1 abundance of 63 Cu and 65 Cu isotopes (Table II) .
Electronic spectra. The UV spectra of the compounds show two broad bands with maxima at ≈ 380 nm and ≈ 250 nm due to the various n→π* and π→π* transitions. In the complexes, these absorption maxima shifted appreciably to lower wave numbers. The Cu(II) complexes showed a broad visible band, λ max at ≈ 15,000 cm −1 . This, together with the measured µ eff values (≈ 1.72 µ B ) suggests square-planar geometry. 14 The observed diamagnetism and broad medium-intensity band at ≈ 17,600 cm −1 in the spectra of the Ni(II) chelates suggest their square-planar geometry. 
Characterization of H 2 tap and its metal complexes
Infrared spectra. That both the carbonyl groups of 3-(2-thiazolylazo)acetylacetone are involved in the Schiff's base condensation with 2-aminophenol is clearly indicated in the IR spectrum of H 2 tap. Thus, the spectrum of the compound in the region 1600−1800 cm −1 showed no band assignable to a free acetyl carbonyl. However, the spectrum displayed three medium intensity bands at 1605 cm −1 , 1615 cm −1 and 1625 cm −1 , assignable, respectively, to the stretching of the hydrazone C=N, CH 3 -C=N and the thiazole ring C=N. The broad band observed in the 2500−3800 cm −1 region suggest the involvement of the OH function in strong hydrogen bonding with the C=N group. In the IR spectra of all the complexes, the ν(C=N) bands are shifted appreciably to low wave numbers, indicating the involvement of these groups in bonding with the metal ion. The thiazole ν(C=N) is only marginally affected, indicating the non-involvement of the thiazole nitrogen in coordination. The bending mode of the hydrazone N-H remained almost unaffected in the spectra of complexes, indicating its non-involvement in complexation. The broad free ligand band in the region 2500−3800 cm −1 almost vanished in the spectra of complexes and instead several weak and medium intensity bands appeared in this region, assignable to ν(N-H) and various ν(C-H) vi-brations. That the imino nitrogens and the phenolic oxygens are involved in complexation with the metal ion is clearly evident from the appearance of new medium intensity bands at ≈ 425 cm −1 and ≈ 530 cm −1 , assignable to ν(M-O) and ν(M-N) in the spectra. 11 Important bands that appeared in the spectra are given in Table V. 1 H-NMR spectra. The 1 H-NMR spectrum of the compound displayed a slightly broadened, two proton signal at δ = 12.18 ppm and a one proton signal at δ = 13.5 ppm, due to intramolecularly hydrogen bonded phenolic groups and the hydrazone N-H proton, respectively. 5, 6 The spectrum of the compound also displayed two three proton signals at δ = 2.35 ppm and δ = 2.58 ppm due to two methyl groups. The aryl proton signals are observed in the δ 6.68−7.90 region. In the 1 H-NMR spectra of the diamagnetic Ni(II) and Zn(II) complexes, the signals due to the phenolic proton of the free ligand disappeared, while the hydrazone proton signal remained almost unaltered, indicating that only the phenolic hydrogens are replaced by metal ion and the hydrazone N-H proton remained as such. Mass spectra. The formation of the compound is well confirmed from the presence of an intense P + peak at m/z 369 in its mass spectrum. Fragments corresponding to the elimination of C 3 H 2 NS, C 3 H 3 N 2 , C 3 H 3 N 3 S and C 6 H 5 O from the parent ion were present in the spectrum (Table VI) . The mass spectrum of the Cu(II) complex clearly shows the presence of a molecular ion peak. Other important peaks appearing in the spectrum are due to the elimination of thiazole, tz-NH, etc., from the molecular ion (Table VI) . Electronic spectra. The UV spectrum of the compound show two broad bands with maxima at 370 nm and 245 nm due to n→π* and π→π* transitions. In the complexes these absorption maxima shifted appreciably to lower wave numbers. The Cu(II) complex showed a broad visible band, λ max at 15,000 cm −1 . This, together with the measured µ eff value (1.74 µ B ) suggests square-planar geometry. 14 The observed diamagnetism and broad medium-intensity band at 17,500 cm −1 in the spectrum of the Ni(II) chelate suggest its square-planar geometry. ESR Spectra. The ESR spectra of the Cu(II) complexes were recorded at 77 K in DMF solution. The spectra gave four well-resolved peaks due to the hyperfine interaction of copper (Table VII) 
CONCLUSIONS
Four new polydentate Schiff base ligands have been prepared by the condensation of 3-(phenylazo)-and 3-(2-thiazolylazo)-2,4-pentanediones with 2-aminophenol and 2-aminothiophenol. Analytical, IR, 1 H-NMR and mass spectral data revealed a 1:2 product (H 2 tap) with 3-(2-thiazolylazo)-2,4-pentanedione and 2-aminophenol in which both carbonyl groups of the dione are involved in the Schiff base formation. In all other cases, 1:1 condensation products (H 2 pap, H 2 pat and H 2 tat) are formed. The analytical, physical and spectral data of the [ML] com-
